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The problem. The purpose of this study was to identi-
fy and compare the flavonoids found in the flowers of
Campanula rapunculoides L. and C. americana L.
Procedure. Flavonoids were extracted in 1% HCl-
methanol solution and concentrated on a rotary vacuum
evaporator. Filter paper chromatography was used to
separate and purify the pigments. Both crude and purified
pigments were hydrolyzed and tests run to gain information
about the aglycones and attached sugars. A spectrophotometer
was used to record the absorption spectra of purified pigments.
Findings. Two anthocyanins which appear to be
glycosides of delphinidin and another flavonoid which may be
a 7,8-dihydroxyflavanone were found in both ~. rapunculoides
and C. americana. Vitexin and luteolin were found in C.
amerIcana but not in ~. rapunculoides. ~. rapunculoides
contains an unidentified, blue florescing flavonoid hot
found in ~. americana.
Conclusions. t was shown that C. rapunculoides and
C. americana share three flavonoids while there are two in
~. americana and one in ~. rapunculoides which are not shared.
Recommendations. Further work is needed to isolate
and identify the sugar attachments on the flavonoids. Other
species of Cgmpanula need to be examined to show their rela-
tionship to C. americana and ~. rapunculoidef}'
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INTRODUCTION AND REVIEW OF LITERATURE
Pigmentation of plants is an obvious and recogniz-
able fact. The chlorophyll enables the plants to collect
energy for photosynthesis. However, the flowers are struc-
tures which are most varied in their pigmentation and pre-
sent a beautiful array of colors to attract insect pollina-
tors and man's asthetic attention. Flower pigments are
divided into two broad groups (Clevenger, 1964; Arditti and
Dunn, 1969). Fat soluble carotenoids found in the plastids
are hues of red, orange, and yellow. Flavonoids are water
soluble and found in cell vacuoles. They provide red, blue,
and yellow shades in the flower colors. The purpose of this
study was to identify and compare the flavonoid pigments in
the flowers of Campanula rapunculoides L. and Campanula
americana L.
Flavonoid pigments are divided into four general
groups (Harborne, 1967). These are: (1) anthocyanins; (2)
flavones; (3) chalcones and aurones; and (4) flavanones and
isoflavones. Anthocyanins and flavones make up the major
flavonoids of plants (Harborne, 1967) being very numerous
and widely distributed in nature. Chalcones and aurones,
and flavanones and isoflavones, along with some rarer forms,
the biflavonyls and leucoanthocyanidins, are considered to be
minor flavonoids (Harborne, 1967). The basic chemical struc-
ture of all flavonoids consists of two six-carbon-atom ben-
zine rings linked together by a chain of three carbon atoms
2(Clevenger, 1964).
According to Harborne (1967) anthocyanins are
responsible for nearly all of the pink, scarlet, red, mauve,
violet, and blue colors in the petals and leaves of higher
plants. All anthocyanins are based chemically on the
cyanidin molecule (Figure 1). In nature the pigments usually
occur as anthocyanins. These are the anthocyanidin glyco-
sides containing one or more sugar moleCUles and sometimes
acylated with organic acid residues (Hayashi, 1962. Harborne,
1958a). When the sugars are attached the pigment is called
an anthocyanin. The pigment without the sugars is called an
anthocyanidin (Clevenger, 1964). Harborne (1967) refers to
the molecule with no attachments as an aglycone. The posi-
tions at which the sugars may be bound to the anthocyanidin
usually are restricted to the )-position or the )- and 5-
positions (Harborne, 1958a).
According to Clevenger (1964) anthocyanidins differ
from each other in the number and arrangement of chemical
groups bound to the B ring of the molecule. Six common
anthocyanidins have been identified and their structures
determined (Clevenger, 1964; Harborne, 1967). These are
cyanidin, pelargonidin, delphinidin, peonidin, petunidin, and
malvidin. Three of these, cyanidin, pelargonidin, and del-
phinidin, differ from one another by the number of hydroxyl
groups found on the B ring. As the number of hydroxyl groups
increases, the blueness of the flower deepens. The other
1II
o
cyanidin R:: H
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.. ""~n~i'din OR =H
Figure 1. Basic $tr~o,tures of .flavonQid skeletons.
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three, petunidin, malvidin, and peonidin, differ in the de-
gree of methylation of hydroxyl groups present on the Bring.
Peonidin is a methylated cyanidin while malvidin and
petunidin are methylated delphinidins. An increase in the
number of methyl groups increases the redness of the flowers.
Thus the wide range of anthocyanin colors is possible through
the addition of various sugar and organic acid molecules at
different sites and in different combinations to each of the
different anthocyanidins.
Harborne (1967) has divided the flavones in two
groups. flavones and flavonols. These are the most abundant
groups of compounds based on the flavonoid skeleton. They
are more highly oxidized than the anthocyanins and provide a
range of yellow colors. The structures of the parent compounds
are given in Figure 1. The addition of a hydroxyl group at
the )-position on the flavonol is the only difference between
the basic structure of the two groups. Gripenberg (1962)
placed both the flavone and flavonals together in the flavone
group. But since there are between two and three hundred
known flavone and flavonol compounds a division is helpful.
Within these two groups the main structural variations are
confined to differences in the number and position of the
hydroxyl. methyl, and glycosyl attachments (Harborne. 1959).
Harborne (1967) lists two common flavones, apigenin
and luteolin. and thirty-four rarer flavones. As in the
anthocyanins the flavone aglycones may be altered in their
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properties by the addition of various chemical groups. There
are three common flavonols; kaempferol, quercetin, and
myricetin, along with severa,l rarer structures formed by
hydroxylation and methylation. These in turn may form gly-
cosidic hookups thus providing a wide variety of compounds.
Hattori (1962) has written a review of the glycosides of the
flavones and flavonols.
Classical studies by Robinson and Robinson (1934)
enabled them to characterize the anthocyanins in over 139
different plants. Bate-Smith (1948) developed a method of
quickly detecting flavonoid pigments using filter paper
chromatography. He found that 1% hydrochloric acid worked
well for extracting the pigments and had several advantages
in keeping the spots compact on the paper. The n-butanol-
acetic acid-water (40110150) solvent that he devised is now
extensively used in pigment chromatography. He also found
that the spots on the paper after developing had distinctive
colors both in ordinary and ultraviolet light and that the
colors changed in a distinctive way when treated with ammonia
vapors. The distance a spot travels on the paper divided by
the distance the solvent front travels gives the Rf value
for that spot (Harborne, 1958a; Mabry et al., 1970). This
value varies with the type of solvent and structure of the
flavonoid and so is a valuable tool for identification pur-
poses.
Many different extracting solutions, developing
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solvents, and procedures have been tried with the filter-
paper-chromatography method of pigment detection. There
seems to be as much variety in methods and materials as
there are those who have worked in this area. Francis (1967)
lists a summary of five steps necessary for the identifica-
tion of anthocyanins. Gage and his colleagues (1951) showed
the chromatographic behavior of thirty-eight flavonoid-type
compounds in eleven different solvent systems and observed
the colors in visible and ultraviolet light along with various
reagents sprayed on the spots to give color changes due to
chemical reactions.
Separation of the pigments using thin layer chroma-
tography plates has been developed as well as column chroma-
tography and electrophoresis. Many of the specific chromato-
graphic and electrophoretic techniques are described by
Smith (1969) and a general review of these methods is pre-
sented by Seikel (1962). Thompson (1959) presented an entire
issue of the Botanical Review on partition chromatography.
Gupta (1968) developed a sensitive thin layer chromatography
technique to quickly examine and establish the number of
anthocyanins and their aglycones.
McClure and Alston (1966) and Harborne (1958a) ob-
tained purified specific flavonoids by streaking crude
extracts across the bottom of Whatman No. 3 filter paper and
developing in tertiary butanol:acetic acidawater (3:111) or
acetic acid:water (15:85) to separate the pigment into
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distinctive bands. These bands were then cut out of the
paper and the pigments eluted from the paper in 0.01% HOI in
methanol. Many similar methods with different solvents and
eluting agents have been used.
Harborne (1958b) used spectrophotometry to charac-
terize anthocyanins. He ~ound that each anthocyanin had a
maximum spectral absorption at a distinctive region of the
absorption spectrum. Reagents such as aluminum chloride
which produce shifts in the spectral maxima in accordance
with the location of the functional groups on the flavonoid
molecule have greatly increased the value of spectral data
in flavonoid identification and structural analysis (Jurd.
1962). Pollock and his colleagues (1967) found that the
shifts of the absorption peak in the visible range toward
longer wavelengths (bathochromic) are brought about by the
aluminum ions chelating with ortho-dihydroxy groupings.
These shifts occur with cyanidin, delphinidin, and petunidin,
but not other common anthocyanidins. Flavones and flavonols
which contain hydroxyl groups at the J- or 5-positions form
acid stable complexes which cause a bathochromic shift in the
spectral maxima and aluminum chloride plus hydrochloric acid
causes spectral shifts in J.5-dihydroxyflavones (Mabry et al.,
1970). Stewart et ale (1969) used spectrophotometry to
measure the optical density in intact tissues of roses,
poinsettas. and snapdragons and correlated this to the
optical density of anthocyanins in extracts.
8Aglycones can be obtained by acid hydrolysis of the
naturally occurring glycosides and there are many methods
used (Harborne, 1967). Both the sugars and aglycones from
hydrolysis can then be identified by chromatographic means.
Abe and Hayashi (1956) used a solution of a glycoside in 1%
hydrochloric acid in methanQI mixed with an equal volume of
20% aqueous hydrochloric acid and heated in a water bath at
700 c. During the hydrolysis samples were removed at regular
intervals and spotted on filter paper and developed. Their
experiments showed that hydrolysis proceeded slowly and that
diglycosides were degraded stepwise into monoglycosides.
Halery and Asen (1959) used equal parts of concentrated
purified pigment and 2N hydrochloric acid at 1000 C for
forty-five minutes under reflux and removed the aglycones with
a small amount of iso-amyl alcohol. Fahselt and Ownby (1968)
used a methanol and hydrochloric acid solution and heated
the pigments in a boiling water bath for ten to fifteen
minutes. Muszynski (1964) found malvidin and petunidin in
blue and purple petunias and cyanidin and peonidin in red
varieties of acid hydrolysis of the naturally occurring
anthocyanins. Pollock et all (1967) followed similar pro-
cedures for hydrolysis except they boiled in the dark for
thirty minutes. The sugars produced by acid hydrolysis are
identified by paper chromatography (Harborne, 1967). By
spotting the sugar residues along with known sugars and de-
veloping in several solvent systems these can be identified.
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Bate-Smith (196) reported the exceptional usefulness
of the flavonoid constituents as taxonomic guides is due to
the fact that they are not actually concerned in oellular
metabolic processes. He said that any particular flavonoid
constituent can be relied on to be present in more or less
constant amounts in the same tissue of the same species so
long as the plants are grown under normal physiologically
healthy conditions. Chemical plant taxonomy is a topic
which has developed rapidly since 1957 (Harborne, 1967).
Alston et ala (1962) used chromatographic analysis of leaf
extracts to show the relationship and inheritance patterns
of certain components in Baptisia, and Torres and Levin
(1964) used chromatography to get information leading to the
ancestry of Zinnia taxa. Genes controlling the hydroxylation
of cyanidin to delphinidin were reported by Dedio et ale
(1969) to have been uncovered in many plants. Brown and his
colleagues (1969) found that chromatographic flavonoid pat-
terns for individual species are usable in identification and
can be used to determine relationships that are not other-
wise noted or to verify relationships about which there is
dOUbt when species are classed morphologically. Since a
given pigment is synthesized by enzymes which are genetically
determined. then similar compounds are present due to genetic
similarities and should show some degree of closeness of re-
lationship between populations (personal communication with
S. Lane Wilson, Department of Biology, Drake University,
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Des Moines, Iowa}. Arditti (1969) used chromatography and
spectrophotometric methods to identify floral anthocyanins
of several species of orchids. His findings suggested that
several were separate species and that two should not be
combined. The stUdy of flavonoids from leaves of twelve
species of Linaria proved to be useful for solving taxonomic
problems (Valdes, 1970). Noriyuki (1971) found the presence
of rare flavonoids and of structural modifications in groups
of plants are useful as chemical markers in classification
and phylogeny. Durkee and Harborne (1973) found that it was
possibly the glycosidic patterns and not the aglycones which
are of taxonomic value between species and genera in the
Cruciferae.
Little work has been done with Campanula and related
genera. Harborne (1967) examined one species of Cgmpanula
and found a 3,5-diglucoside with delphinidin as the aglycone.
Wilson (1968) compared two species of Lobelia and found
pelargo-nidin-3-monoglucoside as the main pigment in one and
a delphinidin-3.5-diglucoside in the other. The relationship
between Campanula and Lobelia is not clear. Deam (1940)
listed them as separate families in the order Campanulales
While Gray (1950) and Rendle (1925) list them each as sub-
families in the family Campanulacea~. Bell (1967) however
includes both as genera in that family. Conrad (1948, 1951)
lists them as separate families in his 6th edition but has
them as separate genera in the same family in his 7th edition.
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MATERIALS AND METHODS
The Campanula rapunculoides L. and C. americana L.
used in this study were identified according to Gleason
(1968). The flowers were collected from naturally growing
plants in Polk and Warren counties in Iowa during the summer
of 1974.
The petals were placed in 1~ HOI-methanol solution
and kept at 40 0 overnight to extract the pigments. This
crude extract was concentrated by evaporation between 300 0
and 40° 0 on a rotary vacuum evaporator (Rinco Model 305137).
Two dimensional filter paper chromatography was used
for the extract of each species to get an idea of the pig-
ments present. The concentrated crude extracts were spotted
in the lower right hand corners of Whatman No. 1 and Whatman
No.3 filter papers. Two different developing solvent sys-
t~ms were used. Some were developed using solvent a (Table
1) for the first direction and solvent c (Table 1) for the
second direction. Others were developed using solvents i
and j (Table 1) for the first and second directions
respectively. The chromatograms were air dried and the
spots marked on each paper for each solvent. They were
observed in both visible and ultraviolet light before and
after exposure to ammonia fumes.
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Table 1. Chromatographic solvents
Abbreviation Composition
a BAW n-butanollacetic acid:water
b 1% HCl conc. hydrochloric acid:water
c HoAcHCl acetic acid:conc. hydrochloric
acidlwater
d BuRCl n-butanol:2Nhydrochloric acid
e Formic acetic acid:conco hydrochloric
acid:water
f Forrestal formic acid,conc. hydrochloric
acid:water
g BEW n-butanollethanol:water
h EaPyW ethyl acetate:pyridine:water
Volume Ratio
4:1:5*
3:97
15:3182
111**
30:3:10
5:213
40:11.10
8:2:1
iTM
j 15% HoAc
k H20
tertiary butanol:acetic acidtwater 31111
acetic acid.water 15:85
distilled water
*top (organic) layer used
**paper equlbrated in lower aqueous phase of BuRCl for
24 hours
To obtain purified pigments a 1 cm band of the crude
extract was applied across the bottom of a Whatman No. 1
paper and developed ascendingly using solvent a (Table 1).
The chromatograms were air dried and the separated bands
cut out and eluted from the paper. Anthocyanins were eluted
with .01% Rel in methanol and the flavones and flavonols were
eluted in 70% ethanol. These purified pigments were
1)
concentrated by evaporation between )00 0 and 400 0 on a
rotary vacUUm evaporator.
The concentrated purified pigments were spotted on
Whatman No.1 filter paper and developed using solvents a,
b, c, and d (Table 1) for anthocyanins and solvents a, b, c,
f, j , and k (Table 1) for flavones and flavanols. The
chromatograms were air dried and viewed in both visible and
ultraviolet light before and after exposure to ammonia fumes.
The spots were marked, changes noted, and Rf values calcu-
lated.
A Beckman model DB Spectrophotometer with a syn-
chronized log recorder was used to measure and record the
absorption spectra of the purified pigments. Spectral
absorption curves were determined before and after the addi-
tion of 6 drops of an AIOI) solution, then after the addi-
tion of ) drops of HOI solution to the cuvette containing the
pigment and AIOI) (Mabry et al., 1970). The AlOl) and HOl
mayor may not cause shifts in the spectral absorption maxima
which give information about the structure of the pigments.
Both the crude and purified pigments were hydrolyzed
to gain information about the aglycones and the sugars that
were attached to the anthocyanidin. Two methods of hydroly-
sis were tried. In one, equal amounts of pigment solution
and 2N HOI were placed in a 25 ml Erlenmeyer flask covered
with a glass marble and boiled directly on a hot plate for
thirty minutes. In the other method equal amounts of pigment
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and 2N HOl were placed in a 25 ml Erlenmeyer flask in a
boiling water bath and were refluxed using a cold finger
for 45 minutes. Samples were removed every five minutes to
determine a stepwise degradation of the anthocyanins. In
both methods when hydrolysis was finished the aglycones
were separated from the other hydrolysis products with
iso-amyl alcohol and were spotted on Whatman No.1 paper
and developed using solvents a, e, and f (Table 1). The
chromatograms were air dried and the Rf values calculated
(Table 2). The aqueous portion containing the sugars were
spotted on Whatman No. 1 paper. Glucose and rhamnose were
spotted as known sugars. The chromatograms were developed
using solvents a, g. and h (Table 1). The chromatograms were
air dried, sprayed with p-anisidine reagent, and placed in a
900 C oven for two to three minutes. After the color reac-
tion had occurred, the sugar spots were marked, their Rf
values calculated, and compared to the known spots.
RESULTS
Figure 2 contains drawings of the two dimensional
chromatograms of the crude extracts of ~. rapunculoides and
C. americana. These show the pattern of the spots after
developing in BAW for the first direction and HoAcHCl for the
second dimension. Spots 1 and 2 were medium pink and turned
blue when fumed with ammonia vapors. Spot 3 did not appear
until after fuming with ammonia. It was invisible in
~L:-;
C. americanq, BAW
15
HoAcHCI
Figure 2. Chromatographic patterns showing similar-
;lties of Q.. ~ai!unculoide~ and Q.. atqerlcat;la.
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ordinary light but floresced bright blue in ultraviolet
light. Spots 4 and 5 were found only with ~. american~.
They were invisible in ordinary light and dark when viewed
in ultraviolet light. After exposure to ammonia fumes they
turned pale yellow in visible light and were yellow-green
with purple in Ultraviolet light. Spot 6 was found only with
the C. rapunculoides and was invisible in ordinary light but
florescent blue in ultraviolet light. After exposure to
ammonia fumes it turned light yellow-brown in visible light
and florescent blue-green in ultraviolet light.
The Rf values (Table 2) were calculated by measuring
from the center of the spots before developing to the center
of the spots after developing. This value was divided by
the distance the solvent front had traveled. The spot
numbers in the table correspond to the numbers on the
chromatograms (Figure 2). Also inclUded in Table 2 are the
Rf values for the anthocyanidins which were produced by acid
hydrolysis. Only one anthocyanidin was found in both species.
Included in Table 2 are the Rf values for the chickory
anthocyanidin which was used as a marker.
Table 3 contains the spectral data for part of the
flavonoid pigments found in the extracts. Included are the
spectral maxima and shifts of spot 6 from ~. rapunculoides
and spots 4 and 5 of ~. americana. There were no spectral
shifts due to the addition of HCl. The anthocyanins showed
a spectral maxima around 542 nm·
Table 2. Rf values of Pigments of C. rapunculoides and C. americana
Pigment BAW BuRCI l%HCI HoAcHCI For.*' 15%HoAc Form.*' H2O TBA
C. rapunculoides
Spot 1 .07 .04 .19 .45
Spot 2 .15 .10 .07 .27
Spot 6 .63 .49
·73 .84 ·71 ·70
Ant.hocyanidin .40
·33 .19
C. americana
Spot 1 .09 .03 .17
·39
Spot 2 .12 .4 .25 .41
Spot 4 .24
·31
Spot 5 .42 .45 .85 ·34 .08 .86
Anthocyanidin .43 .15
Chickory
Anthocyanidin .43 .15
*For. is Forrestal and Form. is Formic
I-"
.......:J
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Table 3· Spectral Data of Campanula Pigments
Pigment Spectral Maxima
70% EtOH with AlCl3
,-~--
C. rapunculoides
Spot 6
Q. americana
Spot 4
Spot 5
c. rapunculoides
Spot 6
c. america!1~
Spot 4
Spot 5
325. 298sh, 235
350, 268sh, 255
335. 265
Absolute MeOH
323. 290sh. 248sh
330, 283sh, 270sh,
225sh
342, 268, 256sh
same
390, 346, 298sh. 275
380, 340, 300, 275
with AlCl3
332-292. 252sh
390, 343, 302sh, 275
388, 347, 298, 275
sh is for shoulder or inflection.
The sugar fraction produced by acid hydrolysis of the
crude extracts were chromatographed in three solvent systems
along with glucose and rhamnose as knowns. Glucose had Rf
values of .18 in BAW, .19 in BEW, and .11 in EaPyWJ rhamnose
had values of .48 in BAW, .43 in BEW, and .66 in EaPyW. Q.
rapunculoides had two p-anisidine positive spots which
showed up after hydrolysis. Their Rf values were .94 and
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·32 in BAW. ·90 and .23 in BEW. and .11 and .04 in EaPyW.
Q. americana also produced two sugars through hydrolysis.
Their Rf values were .96 and .)4 in BAW ••91 and .22 in BEW,
and only ~ne was visible in EaPyW with a value of .04.
These values are given in Table 4.
Table 4. Rf values of p-anisidine positive spots after
hydrolysis and known sugars.
Sugar BAW BEW EaPyW
Glucose .18 .19 .11
Rhamnose .48 .43 .66
c. rapunculoides ·94 ·90 .11
·32 .23 .04
Q. americana ·96 ·91 not visible
·34 .22 .04
DISCUSSION
The two dimensional chromatograms (Figure 2) of Q.
rapunculoides and Q. americana show that they probably share
two anthocyanins (spots 1 and 2) and one other flavonoid
(spot 3). It is obvious that Q. rapunculoides contains a
blue florescing flavonoid that Q. americana does not have
(spot 6) and that Q. americana has two flavonoid pigments
(spots 4 and 5) that are not found in Q. raRunculoides. In
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part of the chromatograms there were sometimes two more
flavonoid spots (4a and 5a) just below and to the left of
spots 4 and 5, but these were very faint and no data was
recorded for them.
The Rf values for the anthocyanidin of both ~.
r~Qunculoides and ~. americana were very close to each
other. They correspond closely to those reported by Harborne
(1967) for delphinidin. They also were near those found
for chickory which was chromatographed with them as a known
delphinidin aglycone. Thus it appears that both C.
rap~culoides and ~. americana contain glycosides of
delphinidin as their anthocyanins. The data suggest that
they are the same in the two species. Their movements on
the chromatograms always corresponded as well as their color
in visible and ultraviolet light. Both had spectral maxima
around 542 nm. The specific identity of the anthocyanins
with their sugar attachments was not determined. It was
thought perhaps that spot 2 might be delphinidin-),5-
diglucoside. The Rf values found for the anthocyanin of spot
2 correspond closely to those reported by Harborne (1967)·
However, identification of an anthocyanin must be based on
sugar identification as well as Rf values and spectral
maxima. The differences in movement of the anthocyanin in BAW
is, in part, due to the sugar residues attached to the agly-
cone. Therefore, a slower moving anthocyanidin ought to have
a heavier sugar residue attached. The data of the acid
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hydrolysis and chromatography of the sugars was not suffi-
cient to identify them and their position of attachment on
the anthocyanidin. The data did suggest that both aglycones
had the same sugar attachments. Since the Rf values of 0.12
and 0.15 are not high enough for the glucose-3.5-diglycoside.
it may have a disaccharide attached at one of these two
positions. This could be determined with controlled hydroly-
sis and study of the intermediate products.
No attempt was made to identify spot 3. Both species
contain this pigment ~nd it consistantly appeared in ultra-
violet light after ammonia fuming. It probably is a 7.8-
dihydroxyflavanone. Harborne (19'9) stated they are dif-
ferent than other flavones in that they floresce bright
blue on paper when fumed with ammonia in ultraviolet light.
Spots 4 and 5 were found only in Q.. americana. Time
did not permit extensive hydrolysis work with these flavo-
noids. Thus the sugar attachments were not determined.
From the Rf values and spectral curves produced. spot 4
appeared to be a glycoside of the flavone luteolin when com-
pared with data in Harborne (1967). Geissman (1962). and
Mabry et all (1970). spot 5 corresponded very closely with
all literature to vitexin. Vitexin is a glycoflavone which
has a glucose molecule attached by a carbon-carbon bond to
the flavone nucleus in the 8-position (Harborne. 1967)·
Spot 6 was found in abundanoe in Q.. rapuncu1,9ides but
not in Q.. amerioana. The data for this spot was not sufficient
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to positively identify it. Its color reactions seem to
indicate that it is either an isoflavone or flavanone. The
spectral curve is of the general shape of those given in
Mabry et all (1970) for isoflavones and flavanones but does
not correspond to any in its spectral maxima. Harborne
(1967) reported that flavanones have ultraviolet absorption
maxima in a region of the spectrum where impurities can
seriously interfere with their characteristic curves so this
may account for the spectral differences.
Harborne (1963) reported several Rf values for
delphinidin-3,5-diglucoside found in one species of Campanula.
Only the Rf values were pUblished and the details of the
work were not given. No other work with Q!mpanula has been
reported. Wilson (1968) found delphinidin-3.5-diglucoside
in a species of Lobelia. The relations between Campanula and
Lobelia have not been settled. As previously reported some
taxonomists include them in the same family and some in
different families or SUbfamilies. The data found in this
stUdy confirms that reported by Harborne (1963). The fact
that these two species of Campanula contain three pigments
in common verifies their relationship. The fact that they
do not share at least three other pigments shows they are
not the same species. Since Campanul~ and Lobelia do share
at least one pigment perhaps the classification should have
both in the same family. More work with both species needs
to be done to determine this.
23
SUMMARY
The purpose of this study was to identity and compare
the flavonoid pigments in the flowers of Campanula rapuncu-
loides and Campanula americana. Several pigments were tenta-
tively identified and all were compared by chromatography_
Orude extracts of the flavonoids were compared and
purified by filter paper chromatography. The spots were
observed in visible and ultraviolet light both before and
after exposure to ammonia fumes. Rf values were calculated
for the various pigments and the pigments were examined with
a spectrophotometer to determine their maximum absorption
region. The pigments were hydrolyzed to separate the
aglycones from the sugars and the products were chromatographed.
This stUdy showed that ~. rapunculoides and ~. americana
share two glycosides of delphinidin and probably one dihydroxy-
flavone. It was also shown that these two species differ in
that they have different flavonoids. Vitexin and luteolin
were found in the native species Q. ~mericana, while the Q.
rapunculoide~ differs in not having these compounds, but
rather an as yet unidentified, blue florescing flavonoid.
This investigation suggests additional research is
needed. Further work is needed with Campanul~ species to
isolate and identify the sugars from the acid hydrolysis of
the pigments. A controlled hydrolysis of the pigments and a
stUdy of the intermediate products should be done. Other
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species of Campanula need to be examined to see if any pig-
ments are shared with C. american! or C. rapunculoides. As
to the problem of the position of Campanula and Lobelia in
the family Cam~anylaceae, the aglycone delphinidin would
indicate some relationship with Lobelia. However, more work
needs to be done to determine the specific chemical relation-
ship of Campanula to Lobelia.
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